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A Report upon 
The Flow of Vater Through Rectengular Notches 
by 
D. L. Yarnell, Senior Dreinage Engineer, 


Bureau of Agricultural “ingineering 


Experiments made at the University of Iewa Hydraulic 
Laboratory for use in connection with the studies 
on soil erosion from agricultural lands 
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Introduction 


This report presents the results of a series of experiments on 
the flow of water through rectangular notches in metal plates which were 
eonducted for the purpose of calibrating such devices for use in cennec= 
tion with the measurement of the amount of run-off from agricultural 
lands and the amount of silt washed from the surface of the ground. [The\ 
experiments were conducted by the Bur-au of Agricultural Engineering, 


U. S. Department of Agriculture, and the State University of Iove at the 


University hydraulic laboratoty during August and September, 1931. 


The report describes the construction of the apparatus, the method 


of making the tests «nd presents the experimental results. 
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PURPOSE OF THE TESTS Ces 


In connection with the soil erosion investigations nor being 
conducted by the U. S$. Department of Agriculture, moasurements are being 
mene on the run-off from and the erosion on very smell plots of ground, 
nemely, one tenth and one one-hundredth of en acre. It is impractical 
to collect the entire emounts of runoff end eroded materi:1 from such 
tracts, hence a yauy beans vate snemple of the runoff and the croded mé- 
teri:l must be obteined for each storm. 

The soil erosion plots, located on sloping ground, are usuelly 
rectangular in shnpe, from 6 to 10 feet in width end 100 fect or more 
in length. Metsl plates, 12 inches wide, arc embedded on edge in the 
SSolt along the boundary of erch plot so that the surfrce weter must 
flow over the soil to the lower end of the tract. At this point the 
matee passes into a metal box, in one end of which are loceted two rec= 
tangular notches of different widths, nemely 1/2 inch end 3 inches. | 
The discharge through the 1/2 inch notch is collected in a tank vhile 
the discharge from the 3 inch notch is pormitted to escape. Thus a sam-= 
ple of the runoff and’ the -roded matcoris] is obteined for every storm. 
For the larger tr:cts a rectangular notch, 6 inches in width is used in 
place of the 3 inch notch. 

The purpose of the tests was the calibration of the notches so 
that the total runoff from the tract could be computed after the amount 
of the sample flow from the 1/2 inch notch wes determined. In other 
vords, it was necessary to determine the ratio of flow between the 1/2 


inch and 3 inch notches. <A constant ratio of flow was highly desireable. 
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DESCRIPTION OF EXPO IMENT) L APPARATUS 

The University of Iova pos:esses in its hvir: ulic."laboratory a 
stesl orifice and weir tank, 4 feet wide by 10 fet long by 4 feet 8 ineher 
dcep. This tank furnishes the most economicr1 merns for calibrating the 
proposed notches. A plete in vhich the desired rectangular notches were 
cut was bolted to one end of the steel tank. The apparatus, as set up 
for testing, is shown in Plate A. This viet shows the 1/2 inch and 3 
inch rectangular notches. The plates having the 1/2 inch and 6 inch 
notches vere. similar to the other plates, the metel strip separrting the 
smeller and the larger notch being two inches tide for all cases. 

The depth of flov through the rectangular notches was measured by 
means of a hook gage. This gage wes sot in a stilling tell attached to 
the side of the tank, sec Plate B, A pipe connected the stilling vell 
with the tenk. The wetor from the large notch was measured in the 1lrbo- 
ratory weighing tanks while the vater from the 1/2 inch notch was meas- 
ured in a volumetric tank, 2 ft. 4 inches wide by & feet long by 2 fect 
deep. This tenk had a crpacity of 40 cubic ‘feet and was equipped with 
staff gages for reading the depth of the water. 

The plates experimented upon consisted of tyvo kinds, gelvanized 
jron, 0.078 inch thick (No. 14 gage), and brass, 3/16 inch thick. Three 
pletes were made of galvanizcd-iron, one with 1/2 inch and 6 inch notches, 
two with 1/2 inch and 3 inch notches. The duplicate plete ves mde for 
the purpose of determining the effect of eny smell diffcrennes in construc- 
tion upon the discherge. The lips of the notches were mede sovare, the 


width wf the lips being the thickness of the met:1, namely 0.078 aneh, 
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Two plates were made of brass, one with 1/2 inch and 3 inch notches, and 
one with 1/2 inch rnd 6 inch notches. The lips of the notches in the 
brass plates were mado 1/32 inch wido. 

An adjustable false floor was used in the orifice tank to measure 
the effect of bottom contraction on the discharge through the notches. 
Through adjustable vertical walls the effect of side contraction upon 
the discharge was measured. 

The channel used for the regular tests wes 4.0% feet wide by 3.5 


feet long by 4.5 feet decp. 


METHOD OF CONDUCTING TESTS 

In order to simulate ficld conditions it Was necessary to measure 
the discharges Apres) the 1/2 inch and the 3 inch rectangular notches 
simultaneously as well as separately. The tank used for collecting the 
water from the 1/2 inch notch was carofully calibrated by weighing the 
amounts ,of water reouired to change the veter level in the tank. The 
large laboratory weighing tenk vas used to measure the water from the 
3-inch notch. The discharges from both notches vere timed vith stop 
watches to tenth seconds. The heads on the notches wee Retro by 
means of hook gage reading to 0.001 ft. Readings of the hook gage were 
recorded every 30 seconds during :n experiment and the average of these 
used as the correct head on the notches. A test wes mace to determine 
the wrror caused by such a procedure. The discharge eee neues under 4 
fiuctuating head. The hook gage readings were then averaged. /nothor 
test was then run at a steady head equal to the average head in the pre- 


vious test. The discharge through the 32-inch notch vas the same in cach 
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case. The discharge through the ie inch notch varied only 1 per cent. 

Water Ete ea eis approach channel over a weir 3 feet in front 
of the notvh plate, see Plate B. No attempt was made to smooth out the 
turbulence in the water by means of baffles since it is not expected to 
use baffles in field installations. For heads above 0.93 feet the weir 
became submerged and a series of standing waves was formed in the chan~ 
nel which may have affected the hook gage readings a little. However, 
some judgment was exercised in drawing the discharge curves as may be 


in 
F 


seen from an inspection of theso curves. 
All notches were tested at intervals of head of 0.01 foot for 
heads wp to 0.10 feet; 0.05 feet for heads from 0.10 to 0.30 feet; 


end 0.10 foot for all heads over 0.30 foot. The mexinum head run was 


1.10 feet and the maximm discharge throuch two notches, 1.8 ¢.f.s. 
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Over 350 tests were made on the folloving sixtecn different set-ups: 


Riath of King. or Lath “of Distance Floor For 
Notches, Metal " Approach below crests data 
Inches Plate Channel. of Notches see Fig. 
Feet 

ee oo, Gadv. iron 4.03 3. m foct 7 
ive, | O° (first plate) 4.03 b inches 2 
Te os ” " 4.0% 1 inch 4 

ly Aa: " " 4.03 Level with erest 3, 

iy ere " " 2.23 Level rith crest 5 
t/a, 3 sf : @.83 Level vith crest 6 


igs - Caly. Tron 


(duplieate platc) AOS 1. inch 13 
poe. #3 " 4.03 Level yith crest 14 
Wien) 3s " 4,03 1 ineh 15 
U2), " 4,03 2 feet 16 
We 006 Cala. Tron 4.03 1 inch 7 
i/o as " " 4,03 Level with crest 8 
1/25, 3 Brass 4.0 inch 9 
tieee 3. Brass 4.03 Level with creat 10 
io 66... Brass 4,03 . 1 inch 17 
172 6 Brass 4.03 Level with crest Le 


For low herds the curation of -n experiment was usually 12 minutce. 
As the head incrensed this time was graduslly diminished to 3 minutes. 
Sufficient water was run in each test to mike the possible error in weigh- 


ing and moasuring negligible. 









i fi Re ot ihe Kel. ee Y 





| 
it BAe nw, , 
iD . 





r 
aS 

ca taken ou 
¥ ‘ay ts Phi ret rte scat 





RESULTS OF TUSTS 

The discharge curves obtained for the various notches are show. 
in fisures 1 to 16 inclusive. It will be noted that the discharge 
curves for heads below 0.3 foot are drawn to an enlarged scale while 
the curves for discharges over 0.3 foot are given on a smaller scale. 

It will be noted that practically all the points in any figure lie on 
smooth curves. Tis in itself would indicate a minimum of oxperimental 
errors. The curves showing a ratio of flow through the large notch to 
the flow through the smali notch are show at the left ineach of 
figures 1 to 16. 

In order to compare the results of various tests, quantities for 
certain heads were read from the discharge curves and tabulated. These 
tabulated quantities were then compared by plotting the percentage varia~ 
tion of a given discharge from the standard condition which was taken 
to be the discharge of a brass notch with the floor of the approach chan~ 
nel one inch below the crest of the notches and the width of the approach 
channel 4.03 feet. Figure 17 shows the effect of the location of the 
floor of the approach channel upon the discharge under various noted con- 
Gitions as compared to the discharge at the "standard condition." 

Bifect of Metal Strip Between Notches on Discharge _ 

The space between the notches was 2 inches which was too small a 
distance to allow the notches to act independently of each other. ‘The 
effect was to turn the jet from the 1/2 inch notch toward the larger 
notch. This caused the 1/2 inch jet to cling to the side of the notch 


as it passed through the opening wnile the jet sprang free from the 
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she 
oposite side of the notch. The large notch was not afected so notic- 
ably by the small notch. The jet came out at right angles to the metal 
plate although the contraction on the side next to the 1/2 inch was 
not as great as it was on the side opposite. 

An inspection of figures 1 to 15 shows that the ratio of dis- 
charges (large notch to small notch) is not constant. Without excep- 
tion the ratio curves have similar shapes, the ratios increase above 
and below 0.10 to 0.15 foot head. However, certain ratios will be sug- 
gested for use at various heads. 


Effect of Plate Material on Discharce 





The reliability of galvanized iron as a material for notch plates 
was determined from this investigation. Since such plates cost about 
one sixth of the price of brass plates, this question was important. 

Tne discharges from the three galvanized iron plates were compared with 
that from the two brass plates in order to determine the differences if 
any existed. The brass notches were machined true and were accurately 
dimensioned. They were regarded as standard and as nearly perfect as 
would be secured. One of the galvanized iron plates was somewhat 
warped vut the two others were quite true. 

Inspection of the curves © in figures 18 and 19 shows 
that there is little difference between the discharges through the G=inch 
or 6-inch galvanized iron or brass rectangular notches. The variation 
is small, being nét more than 1 or 2 per cent throughout practically 
the entire range of head. This amount of error can easily exist between 


two tests under identical concitions and can be attributed to the 
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inability to measure all quantities to more than three figures and to 
the element of judement which enters into the drawing<up of the dis- 

charge curves. Hydraulic experiments of this type generally check no 
closer than 1 per cent. Hence it is reasonable to say that the dis- 

charge through the large notches was the same whether brass or galva- 
nized iron plates were used, even though the galvanized iron notches 

were not precisely true. 

On the other hand, the 1/2 inch notches show greater discharge 
in the galvanized iron plates than in the brass plates. It is believed 
that this is due to the fact that the galvanized iron was thicker than 
the brass at the edge of the opening, the galvanized iron plate being 
0.078 inch thick and the lip of the brass notch in the brass plate 0.040 
‘inch thick. Since the jet came through the We inch notch at a con~ 
siderable angle, the thicker metal caused the jet to cling to it more 
than to the thinner brass lip and so increased the effective area of 
discharge, This effect, while not large, was evident throughout the 
tests. if this conclusion is correct, it is important that all notches 
have t::2 same thickness at the edge in order to give uniform performance. 
Affect of Deoth of Channel Approach on Discharge 

Inasmuch as the depth of the channel of approach to the notches 
can not be made very great in field installations, tu. effect of the 
depth of the approach channel on the discharge throug: the notches was 
investigated quite fully. Tests were run on the same notches with the 
floor of the approach channel 3.5 feet, 2.0 feet 6 inches, and 1 inch 
below the crests of the notches and also with the floor level with the 
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All variations are based on the discharge with the floor 1 inch below 


the crest. The curves show that for heads between zero and 0.80 foot 
there is very little difference betwoon the discharges with floor 3.5 
feet, 2.0 feet and 1 inch below the crest. There was a certain amount 
of turbulence at the mtrance to the approach channel and this acted 
in different ways as the location of the floor was changed. It is be- 
lieved that the standing waves set up in the chanel of approach caused 
the readings of head to be slightly different under each position of 
the floor and that the variation between the discharges at various 
floor levels is more a measure of the effect upon the hook gaze piez 
ameter of the currents in the channel than of actual change of dis- 
charge. It is believed that this condition affected tne results of the 
tests with the floor 6 inches below the crest so that this set of tests 
vary a little from the others. Apparently the velocity of approach is 
80 small that the jet gets its full vertical contraction even with the 
floor i inch below the crest. In ell of the tests with the charnel of 
approac’. 4 feet in width, the velocity of approach was neglicible. It 
would be expected then that this width of channel could have any Sloor 
level greater than 1 inch froin the crest and still delivcr the same 
amount of water through the notches. 

The effect upon discharge of the floor of the approach channel 
set level with the crest of the notches was investizated since this con= 
dition might be used in the field. This set-up save less discharge for 
the low heads and greater discharge for the hich heads than vas obtained 


an 


for the tests with the floor set below ths level of the crest. This was 
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to be expected. As the water approached the notches the velocity was 
decreased at the bottom due to the friction of the floor and no verti~ 
cal contraction existed at the low heads. Hence at low heads the ef- 


Sect of the floor level with the crest was to slow up the water and 


2 


decrease the discharge. Yor higner heads, however, the effect of Floor 
friction became negligible end the absence o” vertical contraction of 

the under side of the jet caused the jet to have greater cross-sec~ 
tional area end accordingly greater dischargee This increase in dis- 
charge grew less as the head increased since the area afvected became 

& smaller and smallsr portion of the total cross-sectional area of flow. 

In the laboratory experiments, the heads on the slots were measured 

y a plezometer in the sice of the approach channel 2 feet 8 inches in 
front of the notches for the standard tests. For those tests having dif 
ferent channel conditions the head was measured by a piezometer in the 
floor near the center of the channel and 12 inches in front of the 
notches. This variation in location is undoubtedly more extreme than the 
variaticns of plezometer locations in field set-ups wovld be, but the 
difterence in discharge through a notch under otherwise identical condi< 
tions is only 2 per cent. Hence, it is felt that the point at which the 
nead on the notches is measured is not of great importance although it 
is recortiended that, if practical in field locations, the piezometer 
opening may well be placed on the side of the avnproach channel 2 fest 
8 inches in front of the notches. 

The precentage~variation curves generally show a larze fluctua- 


tion at low heads. It is felt that it is not ean indication of widely 
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varying results for the reason that it is impossible to read accurate 
values from the curves near the origin. Thus, one curve for the 1/2 
inch notch may show a discharge of 0.0004 c.f.s. at 0.02 foot head and 
enother 0.0005 c.f.s. The percentace of variation of the second from 
the first is 25 per cent but actually it makes little difference since 
either quantity is too small to have much efect on the general. result. 
Bifect of Width of Channel of Approach on Discharge 

Tests were made on the following widths of cha;mel of approach, 
4,03 feet, 2.23 fect, and 0.83 foot. It was found that, for the same 
head, reducing the width of the channel of avproach increased the dis- 
charge through the notches. Tis is natural since the velocity head of 
the moving water becomes greater with the narrow chennels. However, it 
is not believed that channels more than 4 feet in width will discharge 
less water than did the 4foot channel, for the velocity of the water 
is 90 small that the maximum velocity head is only about 0.001 foot for 
that width. Wider channels would reduce this head stil? further and its 
effect would become too small to measure. In the 0.83 foot channel, 
however, the maxiswm velocity head was 0.027 feet, an appreciable amount 


aad 


which has considerable effect on the discharge, 
Hydraulic Formulas for Rectanmlar Notches 

In a search through hydraulic literature it was found that 
He W. Maynard and J. P. Hurley made a series of experiments in 1907on 
the flow of water through narrow rectangular notches at the hydraulic 
laboratory of Cornell University. See "The Corrmal Civil Engineer," 
April 1912, pages 384-391. These experiments LG ee with crests 


ranging from 3 inches to 51 inches long. The formulas derived by Maynard 


and Hurley are as follows: 
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‘ For high heads ae 
= 2/3 x0.s711n 1° /2 eh (1) 


‘ For low heads 0.96 
Q=2/3 x 0.553 1h ~* 


RETR (2) 

They stated that the "point of change from one law (formula) 
to another" was not fully apparent. 

Naturally, formulas 1 and 2 are not strictly applicable to these 
experiments since these tests have two notches in the side of a metal 
box separated by a strip of metal only 2 inches wide. 

Studies were made of the experimental data by plotting on loga- 
rithmic paper the reconmended discharges for various heads as given un- 
der the chapter on "Recommendations." It was found that, with the ex- 
ception of certain discharges for some of the lowest heads, the data 
followed the straight line law. The greatest variation was in the data 
for the 1/2 inch notch for heads under 0.06 foot. The following form- 
las were derived for the various notches; 

For the 1/2 inch notch when used with either the Z-inch or 6-inch 
notch 


2046 
Q= 3.46 1n? (3) 


For the 23-inch notch 


1.50 (4) 


. For the 6-inch notch 


1.4 
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Formulas 3, 4, ond 5 can be used only with weit boxes 4 fect 
wide and 3 feet long with the floor of the box at least 1 inch below 
the crests of the notches. Naturally a strip of metal 2 inches wide 
must separate the notches. While formula 3 is a general formula for 
the 1/2 inch notch, separate formulas for this slot may be derived for 
use with either the Z-inch or 6-inch notchese 

A comparison of the discharges through the 1/2=nch, g-inch, and 
6~inch notches, as measured in the experiments, was made with discharges 
computed from Maynard and Hurley's formula No. 1. It was found that 
the Maynard and Hurley formulas gave discharges from 6 to 13 per cent 
less for the @inch and 6~inch notches than was obtained in the Iowa 
experimentse With the exception of a few low heads on the d~inch notch, 
formula No. 2 gave discharges consistently under the discharges obtained 


in the Iowa tests. 
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-18 
RECOMMENDATIONS 

my Due to the ¢rect cifference in cost between brass pletes and 
golvanized-iron pletes.it is recormended thet the notches be mace in 
galvanized-iron sheets of No. 14 gage. This gage metol wes used in the 
laboratory tests and should be used in cll ficld installations. 

ae It is recorriended that all ficld boxes be made at least 4 fort 
wide and 3 fect long. Greatcr widths: and lengths than these vill not 
affect the discharge table recorricndcd for uso. 

Oe If the floor of a 4ft. by 3 ft. box is placed 1 inch {or more) 
beloy the crests of the notches, the folloving dischrrge teblo may be 
used for field vork, the error in the Laboratory tests for any perticue 


ler notch being in e@cneral less than 2 per cent. 


For 1/2-inch & 3-inch For 1/2-inch & 6-inch 
pr, Noth eS oie, J vielen ul alee eon eae OUGROS a 
Heed on Discharge Discharge Discharse Dischar;e 
Notch through throuch Ratio throurth throueh fa tio 
Fost. 35-inch 1/2-inch flow 6-inch 1/2-inch flow 

Notch Netch Notch Notch 
ie Ligi gyrus Lite C.F eS. wee oe eo 1 ees Fr, Se Ewe 17) hee Cer ete wb ee 
0.02 oodae 0.0006 De Oat O,,0055 0.0004 11.68 
004 ~0085 eOULS 9.00 20144 0012 11.41 
pial) 20139 ~0026 Deo 0254 200238 11.24 
OO ew L -0038 Osec 0388 0034: 23 we 
7G sere “Oo? eu ~Jas8 20049 Ticoe 
ph 048 0092 Deee ~0985 ~ 0090 10.88 
PAS, LOVES PORES I<) eer 2148 ee 10.80 
ean LOS ~0194 EAs e206 eOL9L 10.78 
250 2134 epee eo - 268 -0248 10.79 
«40 Pyrw O15) 038 5.45 412 038 Lo.0- 
ry 8) 6238 wo 5.55 eo sue 11.90 
«60 oa fad 2067 DeoG Aiea 067 LiOG 
oro »469 08% ariene 924 083 ee 
80 257% 02 5.64 1.128 ~ 100 Lilee 
290 2692 iene 5.68 1.300 ~119 11.38 
1,00 2815 143 Be? Leeks »140 11.68 
ele 964 e106 OeGl 
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peaked ’ 


Ay If the exact head on the slots is not mown, then the follow 


ing ratios may be used: 


Heads Heads 
from zero from 
to Ceri. 


0.4 ft. to 0.8 ft. 
For 1/2-inch and 
g-inch notches 
Ratio Q, to Q1/2 notch Ded Ded 
For 1/2 and 6 inch notches 
Ratio Qe, to 21/2 10.9 ll.1 


Ratio Qtotal to 23 f2 11.9 deel 


Heads 

from 

0e8 ft 
LO LW Cece ee 


5e7 


667 


The results obtained by the use of this table will not be more 


than 3 per cent in error except at heads under 0.04 ft. where the dis~ 


charge is very small. 


De If it is necessary to make the floor of the discharge basin level 


with the crests of the notches in field installations, it is recommended 


that the curves on figures 10 and l2 be used to determine the discharges 


of various heads. 
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Plate Ae A general view of apparatus used for 
calibrating the rectangular notches. 





Plate B. Stilling well and hook gage used to get average 
head on the rectangular notches. 
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Plate Ce Volumetric tank in left of view for measuring 
discharges through the 1/2-inch notch. 


